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
:KHUH LM' LV WKH GHYLDWLRQ VHTXHQFH ZKLFK LV GHILQHG DV GLIIHUHQFH RI WKH UHIHUHQFH VHTXHQFH \ DQG
FRPSDUDELOLW\ VHTXHQFH LM\ DV VKRZQ LQ (T  $IWHU GDWD SUHSURFHVVLQJ JUH\ UHODWLRQDO FRHIILFLHQW KDV EHHQ











:KHUH PLQ' DQG PD[' DUH WKHPLQLPXP DQGPD[LPXP YDOXH RI JUH\ UHODWLRQDO FRHIILFLHQW IRU MWK SHUIRUPDQFH
FKDUDFWHULVWLFV LQ LWK H[SHULPHQWDO UXQ DQG MZ LV WKH REMHFWLYH ZHLJKW IRU MWK SHUIRUPDQFH FKDUDFWHULVWLFV 6RPH
UHVHDUFKHUVKDYHJLYHQWKHHTXDOZHLJKWDJHWRWKHHDFKSHUIRUPDQFHFKDUDFWHULVWLFVZKLFKLVDQLQDGHTXDWHZD\WR
HYDOXDWH WKH PXOWLSHUIRUPDQFH FKDUDFWHULVWLF 7KHUHIRUH HQWURS\ PHWKRG KDV EHHQ FRPELQHG ZLWK *5$ WR
DFFXUDWHO\GHWHUPLQHWKHREMHFWLYHZHLJKWIRUWKHHDFKSHUIRUPDQFHFKDUDFWHULVWLF
 (YDOXDWLRQRIREMHFWLYHZHLJKW
6KDQQRQ DQG:HDYHU  SURSRVHG WKH HQWURS\ FRQFHSW DQG WKLV FRQFHSW KDV EHHQ KLJKOLJKWHG E\ =HOHQ\
 IRU GHFLGLQJ WKH REMHFWLYH ZHLJKWV RI DWWULEXWHV (QWURS\ LV D PHDVXUH RI XQFHUWDLQW\ LQ WKH LQIRUPDWLRQ
IRUPXODWHGXVLQJSUREDELOLW\WKHRU\7RGHWHUPLQHWKHZHLJKWE\HQWURS\PHDVXUHWKHQRUPDOL]HGGDWDFDOFXODWHGE\




















 ¦ DQGPLVWKHQXPEHURIH[SHULPHQWDOUXQ7KHVPDOOHUWKHYDOXHRI MH LVWKHELJJHUWKH
HIIHFWRISHUIRUPDQFHFKDUDFWHULVWLFV7KH HQWURS\ZHLJKWZDVFDOFXODWHGE\WKH(T

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*UH\UHODWLRQDOJUDGH*5* 5DQN *UH\UHODWLRQDO JUDGH*5* 5DQN
    
    
    
    
    
    
    
    
    
7KHQ*5*FRUUHVSRQGLQJWRHDFKH[SHULPHQWKDVEHHQFRQYHUWHGLQWR615*5*KDVWUHDWHGDVWKHODUJHUWKH
EHWWHUPXOWLSHUIRUPDQFHFKDUDFWHULVWLFV)LJ UHSUHVHQWVWKHRSWLPXPOHYHORIFRQWUROSDUDPHWHUVIRUKLJKPXOWL









&RQWURO SDUDPHWHUV 'HJUHHRIIUHHGRP 6XPRIVTXDUH 9DULDQFH 3HUFHQWDJHRIFRQWULEXWLRQ
3XOVH&XUUHQW,    
3XOVH'XUDWLRQ721    
3XOVHRII7LPH72II    
'LHOHFWULF3UHVVXUH 3'    
7RWDO   ± 
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7DEOH$129$5HVXOWRI*UH\UHODWLRQDOJUDGHIRUFRSSHUHOHFWURGH
&RQWUROSDUDPHWHUV 'HJUHHRIIUHHGRP 6XPRIVTXDUH 9DULDQFH 3HUFHQWDJHRIFRQWULEXWLRQ
3XOVH&XUUHQW,    
3XOVH'XUDWLRQ721    
3XOVHRII7LPH72II    
'LHOHFWULF3UHVVXUH3'    
7RWDO   ± 
)URP WKH $129$ UHVXOW RI *5* LW ZDV UHYHDOHG WKDW QRQHOHFWULFDO SDUDPHWHU LH GLHOHFWULF SUHVVXUH KDV
JUHDWHU HIIHFW RQ ('0 PXOWLSHUIRUPDQFH FKDUDFWHULVWLF WKDQ WKH HOHFWULFDO SDUDPHWHUV LH SXOVH FXUUHQW SXOVH
GXUDWLRQDQGSXOVHRIIWLPHZKHQEUDVVHOHFWURGHZDVXVHGDVVKRZQLQ7DEOH&RUUHVSRQGLQJO\SXOVHRIIWLPH





HVW P M P
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7DJXFKL2$SUHGLFWHG *UH\WKHRU\SUHGLFWHG 7DJXFKL2$SUHGLFWHG *UH\WKHRU\SUHGLFWHG
/HYHO ,72172II3' ,72172II3' ,72172II3' ,72172II3'
055PPV    
(:5PPV    
7$UDG    
615RI*5*G% ± ± ± ±
:KHUH ȘM LV WKH PHDQ RI 615 RI *5* DW RSWLPXP OHYHO DQG ȘP LV WKH RYHUDOO PHDQ RI 615 RI *5* 7KH
FRPSDULVRQRI WKH H[SHULPHQWDO UHVXOWV XVLQJ WKH LQLWLDO 7DJXFKL2$GHVLJQ DQGRSWLPDO JUH\ WKHRU\SUHGLFWHG
GHVLJQ ('0 SDUDPHWHUV KDV EHHQ VKRZQ LQ 7DEOH  7KH LPSURYHPHQW LQ 615 RI *5* IRU FRSSHU DQG EUDVV





x 7DJXFKL PHWKRG ZDV XVHG WR HYDOXDWH WKH LQGLYLGXDO SHUIRUPDQFH FKDUDFWHULVWLFV )XUWKHU *5$ ZDV XVHG WR
GHWHUPLQHWKHRSWLPXPFRPELQDWLRQRIFRQWUROSDUDPHWHUVWKDWPD[LPL]HWKH*5*,Q*5$*5*ZDVXVHGDV
SHUIRUPDQFHLQGH[WRPXOWLSOHTXDOLW\FKDUDFWHULVWLFVRI('0SURFHVV
x 7KHFRPSDUDWLYHVWXG\RIFRSSHUDQGEUDVVHOHFWURGHUHYHDOHG WKDWFRSSHUHOHFWURGHSHUIRUPVEHWWHU WKDQEUDVV






SXOVHGXUDWLRQ ȝVSXOVHRIIWLPH ȝV DQGGLHOHFWULFSUHVVXUH NJFP XVLQJFRSSHUHOHFWURGH
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x $129$UHVXOWVRI*5*UHYHDOHG WKDWGLHOHFWULFSUHVVXUH DQGSXOVHFXUUHQWPRVW VLJQLILFDQWO\DIIHFW WKH('0
SHUIRUPDQFH RI $,6,  VWDLQOHVV VWHHO ZKHQ EUDVV HOHFWURGHZDV XVHG &RUUHVSRQGLQJO\ SXOVH RII WLPHZDV
IRXQGWREHPRVWLQIOXHQFLQJSDUDPHWHUZKHQFRSSHUHOHFWURGHZDVXVHG
x (QWURS\PHWKRGFRPELQHGZLWK*5$KDVEHHQSURYHGDQHDV\DQG HIIHFWLYHDSSURDFKWR GHWHUPLQHWKHREMHFWLYH
ZHLJKW RI ('0 SHUIRUPDQFH FKDUDFWHULVWLFV 7KH REMHFWLYH ZHLJKW FDQ EH FRPELQHG IXUWKHU ZLWK VXEMHFWLYH
ZHLJKWWRPRUHDFFXUDWHO\GHWHUPLQHWKH PXOWLSHUIRUPDQFHLQGH[RI('0SURFHVV
$FNQRZOHGJHPHQWV
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